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Introduction 
Whereas concepts and frameworks of responsible innovation have been developed and 
deployed in relation to novel and potentially transformative technologies – ranging from 
advanced biofuels (Capurro et al. 2015); climate geoengineering (Stilgoe 2015; Stilgoe et al. 
2013), financial innovation (Asante et al. 2014), information and communication technology 
(Stahl et al. 2013; von Schomberg 2011), nanotechnology (Owen and Goldberg 2010), 
synthetic biology (Brian 2015; Technology Strategy Board 2012; UK Synthetic Biology 
Roadmap Coordination Group 2012) – inquiry has yet to address whether such frameworks 
offer potentials to open up governance arrangements on technologies that are already 
relatively mature, that already hold a certain degree of path dependency, and that may have 
already proved to be socially and politically controversial. If frameworks of responsible 
innovation are to prove successful in aligning innovation dynamics with societal values, they 
will have to demonstrate their capacities to shape existing technological trajectories, 
alongside those that remain ‘in-the-making’.  
Taking as a reference point Collingridge’s control dilemma (Collingridge 1980), where 
dynamics of control lead technologies as they develop to become increasingly less amenable 
to societal shaping in the face of dynamics of power, lock-in and incumbent interests, 
agricultural (bio)technologies represent a ‘hard case’. Those involving the genetic 
modification of plants, in particular, have been deeply mired in controversy, polemic and in 
some cases opposition. Unless we better understand why the governance of GM crops 
continues to evade policy resolution, attempts aimed at the genetic improvement of crops 
risk generating further controversy, misunderstanding and polemic. For this reason, GM 
crops represent a valuable case to examine whether frameworks of responsible innovation 
have traction in opening up new and more responsive governance options (the argument 
developed in this paper complements that of Kelly Branson who traces genetically 
engineered seed systems as cultural enterprises, and who argues the need to attend to the 
responsibility of innovations in their design; see Bronson 2015). 
This perspective informed a major research project GM Futuros that was set up to ask 
two overarching questions: (a) to understand the dynamics of and responses to GM crops as 
embedded in local practices of key actors, namely farmers, scientists and publics; and (b) to 
explore the potential of frameworks of responsible innovation to reconfigure the debate on 
the governance of GM foods and crops, and to provide new pathways to move it away from 
its current polemic and impasse. The setting for the research was on three global ‘rising 
power’ countries. This was intentional. While the majority of scholarship on GM crops has 
focused on the Global North, it will be in countries in the Global South more where 
agricultural innovation is most needed, where the bulk of food provision is expected to 
come from and where debates over GM technologies are likely to be most intense. For this 
reason we choose to conduct detailed ethnographic qualitative work on farmers, scientists 
and publics, undertaken in collaboration with local partners—in Brazil on GM soya, in India 
on GM cotton and in Mexico on GM maize—engaging with the dynamics through which GM 
crops have been promoted, implemented and at times resisted across different scales and 
contexts by an inclusive array of actors. 
Across the three case studies, we found that current approaches to the regulation and 
governance of GM crops have been dominated by risk-based assessment methodologies, the 
assumption being that the key criterion mediating their release should be an independent 
case-by-case risk assessment of their impacts on human health and the environment. One 
consequence of this framing is that the public debate surrounding GM crops has all too 
often been boiled down to one of safety: are they safe to eat, and are they safe to the 
environment? In relation to these questions we remain agnostic notwithstanding our view 
that the institutional structuring of the debate on the safety of GM crops may be 
exacerbating the polemic (Mampuys and Brom 2015). Our argument is that we need, in 
addition, to ask different questions. If we are to govern GM crops in a socially and 
scientifically robust fashion, we need to engage with the issue within the terms of the 
debate as it is considered by an inclusive array of actors. 
In our empirical research Suzanna Carro-Ripalda and her team found that maize in 
Mexico was highly culturally resonant, deeply engrained in Mexican identity and history as 
well as in everyday food practices (Carro-Ripalda and Astier 2014; Carro-Ripalda et al. 2015). 
In ethnographic research with rural actors from the Pátzcuaro Lake area of the state of 
Michoacán we found that smallholder farmers retain strong and enduring relations around 
maize agriculture and that the prospect of GM maize is seen as an intrusion on traditional 
practices. In such a context, protests against GM maize can be seen to signify the defence of 
Mexican culture in the face of an unwanted form of imposed neoliberal globalization. In a 
laboratory ethnography conducted at the National Laboratory of Genomics for Biodiversity 
in Guanajuato (Langebio) we found that laboratory scientists we interviewed were divided 
on the use of genetic modification technologies on the maize genome. And we found that in 
focus group research with Mexican lay urban publics, people expressed a general negative 
reaction to GM crops and foods, reflecting deep-seated patterns of mistrust in the Mexican 
government, and their apparent collusion with large corporations. 
In Brazil, Julia Guivant and her team found that even though the coverage of GM crops 
had risen rapidly since 2005 (mostly GM soya and maize), the issue is far from settled, with 
little evidence of public acceptability or inclusive governance (Guivant and Macnaghten 
2015). We identified why the debate bred so much polemic up until 2005, and the factors 
that contributed to the widespread adoption and take-up of GM crops in Brazil since 2005. 
We then identified through ethnographic research with rural actors from the southern state 
of Santa Catarina the various ways in which GM crop technologies have been adopted into 
local agricultural practices, where we found evidence of a conflict between farmers and 
technical experts from the seed companies, each blaming each other for the growing 
problem of weed resistance to glyphosate. In a laboratory ethnography conducted at the 
soya research division (CNPSO) of the state-owned agricultural research organisation 
Embrapa, we found clear and unqualified optimism among the scientists we interviewed on 
the role of GM crop technologies, with little evidence of a structured and sustained debate 
with wider society. Finally, In focus group research with lay urban publics, we found that 
Brazilian publics adopt negative views to GM crops and foods (although trusting in the 
expert systems), principally because the technology is seen to benefit the producer (not the 
consumer) and because they had not been consulted or clearly informed. 
In India, Yulia Egorava and her team found that GM cotton had become a provocative 
symbol of foreign control and imposition, where regulatory bodies have been routinely 
criticized for using inadequate procedures for the approval of GM crops (Egorava et al. 2015). 
We found that the debate on GM crops has been mired in controversy, culminating in the 
2013 ten-year moratorium on GM crops, including field trials. In ethnographic fieldwork 
research with rural actors in the Kalahandi district of western Odisha, we found evidence of 
widespread adoption of GM cotton, but also of ‘lock-in’ to the technology with indigenous 
seeds no longer so available. In a laboratory ethnography conducted at the New Delhi 
branch of the International Centre for Genetics and Biotechnology (ICGEB), we found that 
scientists whose work we observed were opposed to the moratorium and constructed and 
perceived the position of anti-GM actors as ‘ignorant’ or aimed at ‘publicity’ seeking. And in 
focus group research with urban and rural publics we identified (again) largely negative 
views from Indian publics to GM crops and foods, with trust once more being a critical 
dimensions. 
Overall, across each of the research sites we found that the factors responsible for the 
controversy over GM crops were social, cultural and institutional in nature, in each case 
transcending questions of technical risk (Macnaghten 2015a). Thus, not surprisingly, the 
technical regulatory bodies charged with approving the release of GMOs had not provided 
‘authoritative governance’ (Hajer 2009): that is, they had not lead to decisions, developed 
through reasoned, open and transparent deliberation, that were seen as trustworthy and as 
worthy of acceptance by the broader community. We then offered a typology aimed at 
explaining why the controversy surrounding GM crops had taken different forms in different 
national settings. Factors that were seen to be relevant in structuring the controversy 
included the perceived authority of the regulatory agencies, the cultural resonance of the 
crops in question, the level of intensity of protest movements, the extent to which GM can 
become represented as the symbol of wider struggle and the degree of sustained effort by 
institutional actors to engage the public.  
Responding to this ‘institutional void’ (Hajer 2003) – namely, the lack of agreed 
structures or rules as to how technology should be governed in its ‘beyond risk’ dimensions 
– we examined whether frameworks of responsible innovation have traction in opening up 
new and more responsive governance options. Using the ‘anticipation-inclusion-reflexivity-
responsiveness’ (AIRR) responsible innovation framework developed independently for the 
UK research councils (see Owen 2014; Stilgoe et al. 2013), we examined what responsible 
and inclusive governance could mean in relation to the actors involved in the governance of 
agricultural biotechnologies: what new institutional capacities are required to anticipate 
better the wider driving forces as well as the impacts of agricultural technologies, how to 
open up an inclusive debate with stakeholders and wider publics, how to develop more 
reflexive scientific cultures and what kinds of new governance architectures are needed that 
are responsive to these processes (Macnaghten 2015b).  
A further innovation in our research was our attempt to open up the debate on the 
governance of GM crops was through a set of commentaries from a number of pre-eminent 
scholars and practitioners across the crop science, policy studies, science and technology 
studies and anthropology communities. The commentators were all participants in a policy 
workshop organised at the Royal Society in June 2014, designed to draw lessons from the 
GM Futuros research, and to explore the future of GM policy in the UK and Europe within a 
responsible innovation framework. 
In relation to the dimension of anticipation, given that at least first generation GM crops 
have been developed and adopted throughout much of the developed and developing world, 
an anticipative approach requires in addition a systematic contextualisation of GM crops’ 
social and ethical impacts, as a precondition for imagining how they could be otherwise 
configured. That is to say, a better understanding of the context out of which GM crops 
developed is required, of the kinds of social worlds they have contributed towards, and thus, 
by implication, of how such contexts may need to be reconfigured if GM crops (and 
associated developments in the crop sciences) are to contribute to more inclusive, socially 
just and environmentally sustainable futures. Our commentators pointed to three aspects 
that may have been insufficiently overlooked in the literature: the relationship between GM 
crops and its origins in neoliberal policymaking (Levidow 2015), the associated extent to 
which GM crops are implicated in ‘the gradual neoliberal collectivisation of agriculture by 
private corporations’ (Northcott 2015); and the need for methodologies that are equipped 
to develop non-reductionist accounts of the relationship between GM crops and everyday 
practices that include emphasis on the problems GM crops may cause in people’s livelihoods, 
alongside technical considerations of risk (Harvey 2015). 
Responding to the dimension of inclusion, our commentators pointed to the insights 
arising from the deliberative research with publics and smallholder farmers as a necessary 
antidote to the narrative that presents the adoption of GM crops in Global South contexts as 
an unequivocal success story, ‘a story of radical and progressive technological change that 
has been embraced by literally millions of farmers, the great majority of them smallholder 
producers in the “developing world”’ (Glover 2015: 229). Glover highlights how the study 
counters this narrative: through the finding that both growers and consumers in each of the 
case settings felt ill-informed about the technology and excluded from decision-making 
processes, through the ethnographic field research that demonstrated that smallholder 
farmers evinced little trust in the technical advisors of the extension services, and through 
more widespread and at times pervasive breakdowns in public trust in the institutions of 
science, governance and regulation. Deliberative processes were seen to offer the potential 
of opening up governance discussions only when they are framed broadly, are open to the 
reframing relevant questions and to questions of political economy, and are aimed at 
helping policy-makers clarify issues, expand choice and reflect on the implications of 
alternative courses of action. 
Responding to the dimension of reflexivity, and to the finding reported in the research 
that the scientists we interviewed had proved strikingly rigid in their capacity to reflect on 
the norms and value-laden assumptions underpinning their social imaginary of agricultural 
development which remained resolutely top-down, expert driven and technocratic, our 
commentators reflected on the question as to what kind of scientific culture we need for 
responsible agricultural innovation. While our molecular science commentators stressed the 
need to embed agricultural innovation in the context of global food security, of a future 
population predicted to grow to over 9 billion by 2015, and to do so securely, sustainably 
and equitably (Crute 2015; Lindsey 2015); a number of our other commentators stressed the 
need for more critical reflection on the ‘mutual incomprehension’ that is often evident 
between crop scientists and an informed lay food-eating public (Northcott 2015). To assist in 
such reflexivity, commentators pointed to the need for greater sensitivity to the relationality 
that exist between people and land, to the mechanistic and reductionist frame that 
commonly exists in crop science laboratory practices and to the impacts posed by the 
neoliberal collectivistation of global agriculture on questions of human freedom, dignity and 
sovereignity. 
Responding to the dimension of responsiveness, and to the finding of remarkably 
unresponsive science policy institutions across each of the case sites, our commentators 
pointed to the structural conditions that often accompany institutional rigidities (Raina 
2015), to the obvious interest of certain actors (e.g. seed companies) not to open up the 
debate on governance beyond their risk dimensions, and to the difficulty of reconciling 
conflicting interests and visions that may be intrinsically difficult to reconcile. 
Notwithstanding these structural constraints, our commentators pointed to the value of 
public research on these matters as a strategic priority, to how new policy architectures 
could be crafted, and to the virtue of a coherent alternative model of governance should 
opportunities in the wider polity emerge. 
To conclude, as Sheila Jasanoff states in her endorsement of the book, Governing 
Agricultural Sustainability: Global Lessons from GM Crops can be seen as an attempt to apply 
frameworks and approaches to responsible innovation to ‘prod the GM debate out of its 
current stalemate’. Moving beyond the domains of scientific risk assessment, the volume 
and its associated research opens up discussion of technological innovation to questions of 
globalization, political and economic power, and cultural identity. The still-prevalent 
information deficit model, alongside those that emphasise formal risk assessment, are seen 
as highly impoverished means to resolve controversy, and, in its place, responsible 
innovation is presented as an alternative pluralistic and inclusive model for decision-making 
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